The effects of variety, soil type and nitrogen (N) 
Introduction
Barley is the most commonly grown cereal crop in Finland and is mainly used as pig feed. It provides most of the energy and also about half of the protein in pig diets. However, the quality of barley protein is not optimal for pigs since the content ofessential amino acids, lysine and threonine in particular, is very low. The main component affecting the utilization of the nutrients in barley is fibre (Taverner and Farrell 1981, Jacyno 1995 ). An increased fibre content lowers the energy content and can also impair the digestibility of protein and amino acids (Taverner and Farrell 1981, Bach Knudsen and Eggum 1984) .
Many factors, most notably climate, soil, variety and fertilizer, can influence the grain yield, composition and nutritive value of barley. Earlier experiments revealed differences between barley varieties in digestibility and utilization by pigs (Just et al. 1983 a, b). Fuller et al. (1989) found higher apparent ileal amino acid digestibilities in high protein than in low protein barley varieties. Nitrogen (N) fertilizer has increased the crude protein content of grain but lowered the lysine content in the protein (Thomke 1970 (Thomke , 1976 . In some experiments soil type and cultivation location have also caused variations in the nutritive value of barley (Just et al. 1983 b, Thomke 1972 . The effects of all three factors on the nutritive value have, however, only rarely been studied in the same experiment (Just et al. 1983 a, b).
Knowledge of differences in the protein and energy value of barley may improve the accuracy of diet formulation and possibly also affect the amount of supplementary protein concentrates needed in pig diets.
The objective of the present experiment was to investigate the effects of variety, N fertilizer supply and soil type on the nutritive value of barley for growing pigs. The nutritive value of barley samples was assessed by their in vitro digestibility and the growth performance of the pigs. Some observations of the utilization of the protein by pigs related to N intake were also made.
Material and methods

Barley batches
Three barley varieties, the two-rowed variety Kustaa and the six-rowed varieties Arra and Rokko, were chosen for the experiment. They were grown on either mould or clay soil. N fertilizer was applied at two levels to both soil types; 43 or 71 kg N/ha to mould soil and 76. Each barley (845 g/kg) was supplemented with a constant level of soya bean meal (120 g/kg) and mineral and vitamin mixture (35 g/kg). The barleys were ground in a hammer mill to pass a 3.5-mm mesh. The protein and amino acid supply of the pigs varied owing to the variation in the protein and amino acid content of the barley batches. The digestible crude protein (CP) and lysine contents in the diets Vol. 6 (1997) : 295-303. ranged from 121 to 144 g/kg and from 5.2 to 5.5 g/kg, respectively. The protein and lysine contents in the diets were kept below the level recommended in the nutritional requirements (Salo et al. 1990) in order to maximizethe amount of barley in the diets and to reveal differences in the quality of protein in barley for pigs.
The pigs were housed in partially slatted, concrete-floored pens providing free access to water. They were weighed at 2-week intervals, and their feed consumption was determined daily pen by pen. The pigs were fed twice a day on a restricted scale in relation to age (1.4 to 2.9 kg/ pig/day); the daily allowance was increased by 0.2 kg/week at the beginning, and by 0.1 kg/week after the eighth experimental week. Before feeding the diets were mixed with water. The pigs were slaughtered when they reached a weight of 95 kg, and their carcass weight was recorded 24 h after slaughter. The carcass quality of the pigs was determined as described by Valaja et al. (1993) .
Chemical analyses
A standard feed analysis was conducted on the barley samples and soya bean meal (AOAC 1984) . The dry matter (DM) of the feeds and in vitro residues was determined after 24 h at 105°C. The DM content of the diets was determined at 2-week intervals. The CP content of the feeds and in vitro residues were analysed as 6.25 * Kjeldahl N. Ether extract (EE) was analysed after acid hydrolysis. The amino acids of the barley samples and soya bean meal were determined by gas chromatography after hydrolysis with 6 N HCI at 110°C for 20 h (Näsi and Huida 1982) . The barley samples were also analysed for neutral detergent fibre (NDF) content by the method of Robertson and Van Soest (1981) , for total dietary fibre content by the method of Asp et al. (1983) and for (3-glucans content by the method of McClear and GlennieHolmes (1985) . In vitro assay was performed on the barley samples by the method of Boisen and Fernandez (1991) , a two-step procedure comprising a 6-hour incubation in pepsine solution followed by an 18-hour incubation in pancreatin solution. Instead ofcontinuous magnetic stirring, handmixing every half-hour was used during the first incubation step.
Calculations and statistical analysis
The net energy content and feed unit values of the barley samples were calculated with the Finnish energy evaluation system for pigs (Tuori et al. 1995) using constant digestibility coefficients. The data were analysed by the GLM procedure of SAS (1985 12  11  14  14  13  14  12  12  12  15  13  13  Histidine  19  21  31  24  20  18  22  25  24  20  27  30  Leucine  53  53  53  55  54  54  55  54  55  55  57  57  Isoleucine  25  25  28  27  25  26  26  25  25  26  27  27  Phenylalanine  41  40  41  42  37  39  40  41  40  40  39  40  Arginine  40  41  44  43  41  44  43  41  46  45  44  45  Valine  37  37  38  39  37  37  38  36  37  38  40  39  hi The castrated male pigs gained weight faster (P<0.001) and had a better FCR (PcO.OOl) than did the gilts. In contrast, the gilts produced leaner carcasses than did the castrated males. The differences were highly significant in all carcass quality measurements. of Bengtsson and Eggum (1969) , Just et al. (1983 b) , Truelsen and Sorensen (1986) and Fuller et al. (1989) . N fertilizer increases mainly the amount of storage proteins, hordeins, which are low in lysine, whereas the amount of albumins and globulins remains rather constant (Kirkman et al. 1982) . Usually, however, the relative decline in lysine has been so slight that the total content of lysine in grain has increased (Jones et al. 1968 , Thomke 1970 . Arra clearly had the highest CP content of all the varieties studied. It has the highest CP content of the varieties commonly grown in Finland and is mostly used as animal feed.Kustaa and Pokko, with their lower protein contents, are also used for distilling and malting.
In vitro digestibility
The variation in the in vitro digestibility of DM among barley samples indicated that there may have been differences in the energy value of the barley batches. DM digestibility was highest in variety Arra. Similarly, Just et al. (1983a) found differences in in vivo energy and organic matter digestibility between barley varieties. Thomke and Frölich (1968) , however, found no differences in energy digestibility between high-and low-protein barley varieties. The energy digestibility and energy value ofbarley are usually negatively related to the fibre content (Bell et al. 1983 ,Jacyno 1995 , Darrouch et al. 1996 , Beames et al. 1996 ) but no such relationship was established in our experiment. We did, however, find a very narrow variation in the fibre content between our barley samples.
The high in vitro digestibility of N in Arra also indicated its higher feeding value. The high CP content of Arra explained some of the better in vitro digestibility of N, a positive relationship having been found between the protein content of the grain and in vivo digestibility in many other studies, too (Eggum 1970, Eggum and Chris- 
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AGRICULTURAL AND POOD SCIENCE IN FINLAND Vol. 6 (1997 ): 295-303. tensen 1975 , Taverner and Parrel 1981 , Just et al. 1983 b, Jacyno 1995 . Fuller et al. (1989) showed that the apparent ileal digestibility of CP and most of the essential amino acids was higher in high-protein than in low-protein varieties of barley. In the experiment of Thomke and Frölich (1968) , the differences in the feeding value of barley varieties were related to the CP content, a conclusion that is also in agreement with our results because Arra contained more CP than did Kustaa or Pokko.
The regression equation showed that CP, NDF and (3-glucan contents explained the variation in in vitro digestibility ofN reasonably well.
The relationship between CP and (3-glucan contents and protein digestibility was positive but NDF impaired protein digestibility. A similar relationship between protein digestibility and (3-glucan content was found in the study of Bach Knudsen and Eggum (1984) , because (3-glucans are mostly located in the cell walls of the endosperm, which also has the highest protein digestibility. Likewise in the experiments of Taverner and Farrell (1981) and Hall et al. (1987) , hemicellulose and NDF, of which hemicellulose is the major component, were the most closely negatively related to protein digestibility and amino acid availability.
Pig performance
Barley variety had a greater effect on the performance of the pigs than did soil type or N fertilizer. The feeding value of variety Arra, measured by in vitro digestibility or pig performance, was slightly better than that of the other two varieties, Kustaa and Pokko. The diets composed of Arra contained slightly more lysine than did those composed of Kustaa or Pokko (5.5 vs. 5.3 g/kg). The daily lysine intake of the pigs on Arra diets was therefore higher than that of the pigs on Kustaa or Pokko diets. The combined effects of both increased lysine intake and higher digestibility resulted in the performance responses of the pigs on Arra-based diets. The amount of soya bean meal in our diets was higher than that used elsewhere (Thomke and Frölich 1968, Thomke 1972) and may have masked some of the difference in the protein value of the barley samples. The DM intake and FCR of the pigs fed different barley varieties followed the same pattern as in vitro DM and N digestibility. The feed energy values of the barley samples were calculated with the constant digestibility coefficients from feed tables (Tuori et al. 1995) and did not take into account the differences, if any, in the digestibility values. The actual differences in FCR calculated as feed units may therefore have been less than was reported. N fertilizer supply improved the FCR and carcass quality of the pigs in our experiment. Similarly, the higher N fertilizer supply of barley has had a positive effect on the daily N retention (Just et al. 1983 a, b) and performance of pigs (Thomke 1976) . Thomke (1970) , however, concluded that the protein quality of barley declined with higher CP content since the relative content of most of the essential amino acids decreased in the protein. This finding is in agreement with our results, which suggest that extra N is mainly excreted in urine. Soil type did not have a marked effect on the nutritive value of barley. In other experiments, in contrast, soil type or growth locality has affected the chemical compostion and nutritive value of barley (Thomke 1972 , Just et al. 1983 . In the study of Thomke (1972) growth locality affected both the content and digestibility of CP in barley samples. Similarly, Just et al. (1983a) found a difference in the digestibility of CP and energy between barley samples grown on different soil types. However, the differences were not very consistent because soil type and barley variety strongly interacted in both digestibilities.
Conclusions
Variety affected the feeding value ofbarley more than did soil type or level of N fertilizer. The in vitro digestibility of DM and N and the perform-ance of pigs were higher in variety Arra than in Kustaa or Pokko. N fertilizer increased the CP content of barley and slightly improved the FCR and carcass quality of the pigs. Soil type had only minor effects on the nutritive value of the barley studied. The in vitro digestibility of N was positively related to the CP and P-glucan contents, and negatively to the NDF content of barley samples. The results indicated that in vitro assay could be used as a preliminary tool to detect differences in the feeding value of barley samples.
